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7KH FRPPRQ SUDFWLFH RI VRUWLQJ VWRFNV LQWR JURXSV WR WHVW DVVHW SULFLQJ LQIHUHQFHV EHJDQ ZLWK WKH
HDUOLHVW WHVWV RI WKH &$30 VHH %ODFN -HQVHQ DQG 6FKROHV  $OWKRXJK WKH LQIRUPDWLRQ ORVV
IURP WKH VRUWLQJ SURFHGXUH KDV ORQJ EHHQ UHFRJQL]HG VHH /LW]HQEHUJHU DQG 5DPDVZDP\ 
RQO\ UHFHQWO\ KDYH UHVHDUFKHUV EHJXQ WR IRUPDOO\ DQDO\]H WKH WKHRUHWLFDO EDVLV IRU GRLQJ VXFK VRUWV
/R DQG 0DF.LQOD\  SRLQW RXW WKDW LI WKH VRUW LV EDVHG RQ HLWKHU D YDULDEOH WKDW LV RQO\ NQRZQ
WR EH HPSLULFDOO\ FRUUHODWHG ZLWK UHWXUQ RU D YDULDEOH PHDVXUHG ZLWKLQ WKH VDPSOH WKH WHVW ZLOO
FRQWDLQ D GDWD VQRRSLQJ ELDV /LDQJ  DUJXHV WKDW HYHQ ZKHQ WKH VRUW LV EDVHG RQ D YDULDEOH
HVWLPDWHG XVLQJ SULRU GDWD PHDVXUHPHQW HUURU LQ WKLV YDULDEOH FDQ OHDG WR IDOVH FRQFOXVLRQV ,Q WKLV
SDSHU ZH ZLOO IRFXV RQ D GLmHUHQW YDULDWLRQ RI WKH VRUWLQJ WHFKQLTXH DQDO\]HG LQ WKRVH SDSHUV
7KH HPSLULFDO SURFHGXUH WKDW LV WKH VXEMHFW RI WKLV SDSHU FORVHO\ UHVHPEOHV WKH %ODFN -HQVHQ DQG
6FKROHV  JURXSLQJ SURFHGXUH 7KHUH LV KRZHYHU RQH FUXFLDO GLVWLQFWLRQ /LNH WKH VWDQGDUG
SURFHGXUH DVVHWV DUH VRUWHG LQWR JURXSV XVLQJ VRPH FULWHULRQ UHODWHG WR DVVHW UHWXUQV +RZHYHU
UDWKHU WKDQ IRUPLQJ SRUWIROLRV RXW RI WKH JURXSV WKH WHVWV DUH UXQ ZLWKLQ WKH JURXSV ,W LV VKRZQ
WKDW WKLV HPSLULFDO SURFHGXUH ELDVHV WKH UHVXOWV LQ IDYRU RI UHMHFWLQJ ZKDWHYHU DVVHW SULFLQJ PRGHO
LV EHLQJ WHVWHG ,Q SDUWLFXODU ZH VKRZ WKDW
 WKH H[SODQDWRU\ SRZHU RI WKH PRGHO ZLOO DOZD\V EH VPDOOHU ZLWKLQ D JURXS WKDQ LQ WKH ZKROH
VDPSOH DQG
 E\ SLFNLQJ HQRXJK JURXSV WR VRUW LQWR D UHVHDUFKHU FDQ GHVWUR\ WKH ZLWKLQ JURXS H[SODQDWRU\
SRZHU RI HYHQ DQ HFRQRPLFDOO\ FRUUHFW DVVHW SULFLQJ PRGHO
7R XQGHUVWDQG WKH LQWXLWLRQ EHKLQG WKHVH UHVXOWV FRQVLGHU WKH IROORZLQJ WKRXJKW H[SHULPHQW
$VVXPH WKDW D UHVHDUFKHU KDV XQFRYHUHG D YDULDEOH o WKDW LV FURVVVHFWLRQDOO\ FRUUHODWHG ZLWK
UHWXUQV +H SRVWXODWHV WKDW KH KDV XQFRYHUHG DQ DQRPDO\ WKDW LV KH FODLPV WKDW o LV D EHWWHU
SUHGLFWRU RI UHWXUQ WKDQ D SDUWLFXODU ULVN EDVHG DVVHW SULFLQJ PRGHO KHUHDIWHU WKH ?626 PRGHO
7KH UHDVRQ LV WKDW KH KDV VRUWHG VWRFNV LQWR JURXSV EDVHG RQ o DQG VKRZQ WKDW ZLWKLQ DQ\ RI WKHVH
JURXSV WKH 626 DVVHW SULFLQJ PRGHO KDV OLWWOH RU QR H[SODQDWRU\ SRZHU
:KHQ VWRFNV DUH nUVW VRUWHG LQWR JURXSV EDVHG RQ D YDULDEOH OLNH o WKDW LV NQRZQ WR EH
FRUUHODWHG ZLWK UHWXUQV WKH DYHUDJH UHWXUQ RI HDFK JURXS ZLOO UHoHFW WKLV FRUUHODWLRQ &RQVHTXHQWO\
WKH SURFHGXUH HQVXUHV D KLJK EHWZHHQ JURXS YDULDWLRQ LQ H[SHFWHG UHWXUQ $ VWDQGDUG UHVXOW RI
$129$ K\SRWKHVLV WHVWLQJ LV WKDW WKH WRWDO YDULDQFH RI WKH VDPSOH LV WKH VXP RI WKH EHWZHHQ JURXS
DQG ZLWKLQ JURXS YDULDQFH 7KXV WKH KLJK EHWZHHQ JURXS YDULDWLRQ LQ H[SHFWHG UHWXUQ LPSOLHV D
ORZ ZLWKLQ JURXS YDULDWLRQ VR WKH FURVVVHFWLRQDO YDULDWLRQ RI H[SHFWHG UHWXUQV LV ORZHU ZLWKLQ WKH
JURXSV WKDQ LQ WKH ZKROH VDPSOH
1RZ QR HFRQRPLF PRGHO PDNHV H[DFW SUHGLFWLRQV 6R WKH H[SHFWHG UHWXUQ SUHGLFWHG E\ WKH
626 PRGHO ZLOO QRW HTXDO WKH WUXH H[SHFWHG UHWXUQ $VVXPH WKH 626 PRGHO LV QHYHUWKHOHVV D
JRRG GHVFULSWLRQ RI UHDOLW\ VR WKDW WKH 626 PRGHO
V HUURU LV XQELDVHG 7KHQ WKH SUHGLFWLRQ RI WKH
PRGHO ZLOO EH WKH WUXH H[SHFWHG UHWXUQ SOXV PHDQ ]HUR QRLVH ,I WKH PRGHO HUURU LV GLVWULEXWHG
LQGHSHQGHQWO\ RI WKH VRUW YDULDEOH WKH VRUW ZLOO QRW DmHFW WKH FURVVVHFWLRQ GLVWULEXWLRQ RI WKH
QRLVH 7KH LPSOLFDWLRQ LV WKDW FURVVVHFWLRQDO YDULDQFH RI WKH PRGHO HUURU ZLOO EH QR GLmHUHQW ZLWKLQ
WKH JURXSV WKDQ LQ WKH IXOO VDPSOH 7KXV WKH ZLWKLQ JURXS UDWLR RI WKH FURVVVHFWLRQDO YDULDQFH RI
H[SHFWHG UHWXUQV WR WKH YDULDQFH RI WKH PRGHO HUURU PXVW EH ORZHU LQ WKH JURXSV WKDQ LQ WKH IXOO
VDPSOH ,Q VKRUW WKH PRGHO
V VLJQDO WR QRLVH UDWLR LV ORZHU ZLWKLQ WKH JURXSV WKDQ WKH IXOO VDPSOH
,QGHHG QR PDWWHU KRZ VPDOO WKH PRGHO HUURU LV E\ VRUWLQJ LQWR HQRXJK JURXSV WKH YDULDWLRQ LQ
H[SHFWHG UHWXUQV FDQ EH UHGXFHG WR WKH SRLQW WKDW WKH HUURU LQ WKH 626 PRGHO FRPSOHWHO\ VZDPSV
WKH H[SODQDWRU\ SRZHU RI WKH PRGHO 6R ORQJ DV WKH PRGHO FDQQRW SUHGLFW WKH H[SHFWHG UHWXUQ
RI HDFK VWRFN H[DFWO\ LW LV SRVVLEOH IRU RXU UHVHDUFKHU WR GHPRQVWUDWH WKDW WKH 626 PRGHO KDV QR
H[SODQDWRU\ SRZHU ZLWKLQ WKH o VRUWHG JURXSV HYHQ ZKHQ WKH 626 PRGHO GRHV LQ IDFW SURYLGH
HFRQRPLFDOO\ XVHIXO SUHGLFWLRQV
,Q D VHQVH RQH FDQ WKLQN RI WKLV SRLQW DV WKH FRQYHUVH RI D SRLQW PDGH RULJLQDOO\ LQ %ODFN
-HQVHQ DQG 6FKROHV  7KHUH WKH DXWKRUV DUJXHG WKDW WR SURYLGH D SRZHUIXO WHVW RI WKH &$30
LW LV HVVHQWLDO WKDW WKH VWRFNV DUH JURXSHG LQWR SRUWIROLRV WKDW KDYH ODUJH FURVVVHFWLRQDO GLmHUHQFHV
LQ H[SHFWHG UHWXUQV ,Q WKLV FRQWH[W ODUJH FURVVVHFWLRQDO GLmHUHQFHV LQ SRUWIROLR H[SHFWHG UHWXUQV
LPSOLHV WKDW WKH FURVVVHFWLRQDO YDULDWLRQ LQ WKH H[SHFWHG UHWXUQ RI WKH VWRFNV WKDW PDNH XS WKH
SRUWIROLRV LV VPDOO 7KXV LI LQVWHDG RI SURFHHGLQJ DV %ODFN -HQVHQ DQG 6FKROHV  GLG \RX
GHFLGHG WR WHVW WKH &$30 ZLWKLQ WKH VWRFNV WKDW PDNH XS WKH SRUWIROLRV UDWKHU WKDQ RQ WKH SRUWIROLRV
WKHPVHOYHV WKH RSSRVLWH UHVXOW KROGV 7R LQFUHDVH WKH SRZHU RI WKLV WHVW WKH FURVVVHFWLRQDO YDULDWLRQ
ZLWKLQ HDFK SRUWIROLR JURXS PXVW EH PD[LPL]HG ZKLFK LPSOLHV WKH FURVVVHFWLRQDO GLmHUHQFHV LQ WKH
SRUWIROLR H[SHFWHG UHWXUQV PXVW EH PLQLPL]HG 3HUKDSV WKH VLPSOHVW ZD\ WR GR WKLV LV WR MXVW QRW
JURXS WKH VWRFNV DQG XVH WKH IXOO VDPSOH
$OWKRXJK WKH SDUWLFXODU VRUWLQJ SURFHGXUH WKDW ZH DQDO\]H LV QRW QHZ￿ RQH PRWLYDWLRQ IRU
VWXG\LQJ LW GHULYHV IURP WKH IDFW WKDW UHFHQWO\ D QXPEHU RI VWXGLHV WKDW HPSOR\ WKLV SURFHGXUH KDYH
SURGXFHG UDWKHU GLVWXUELQJ UHVXOWV )RU LQVWDQFH 'DQLHO DQG 7LWPDQ  VRUW VWRFNV LQWR IUDFWLOHV
EDVHG RQ WKHLU ?FKDUDFWHULVWLFV ERRNWRPDUNHW UDWLRV DQG PDUNHW YDOXHV DQG VKRZ WKDW WKH IDFWRUV
LGHQWLnHG E\ )DPD DQG )UHQFK  FDQQRW H[SODLQ WKH ZLWKLQ IUDFWLOH YDULDWLRQ LQ UHDOL]HG UHWXUQ
%DVHG RQ WKLV UHVXOW WKH\ FRQFOXGH WKDW DVVHW UHWXUQV DUH OLNHO\ JHQHUDWHG E\ D ?FKDUDFWHULVWLF EDVHG
DVVHW SULFLQJ PRGHO ,I DVVHW UHWXUQV DUH LQGHHG H[SODLQHG E\ D ?FKDUDFWHULVWLF EDVHG PRGHO WKHQ
WKLV ZRXOG XSVHW VRPH RI WKH IRXQGDWLRQV RI DVVHW SULFLQJ WKHRU\
7KH UHVW SDSHU LV RUJDQL]HG DV IROORZV ,Q WKH IROORZLQJ VHFWLRQ ZH LOOXVWUDWH RXU UHVXOWV LQ WKH
FRQWH[W RI D VLPSOH H[DPSOH :H WDNH D VLQJOH SHULRG HFRQRP\ LQ ZKLFK WKH &$30 KROGV H[DFWO\
DQG VRUW VWRFNV LQWR SRUWIROLRV EDVHG RQ WKH ERRNWRPDUNHW UDWLR :H WKHQ GHULYH WKH WKHRUHWLFDO
UHVXOWV RI D ZLWKLQ JURXS FURVVVHFWLRQDO UHJUHVVLRQ WHVW DQG VKRZ WKDW WKH PRGHO KDV OLWWOH RU QR
H[SODQDWRU\ SRZHU LQ DOO EXW WKH H[WUHPH JURXSV 7KDW LV HYHQ WKRXJK WKH &$30 KROGV HTXDOO\
ZHOO IRU DOO VWRFNV WKH WHVW OHDYHV WKH LPSUHVVLRQ WKDW WKH PRGHO RQO\ KROGV LQ WKH KLJKHVW DQG ORZHVW
SRUWIROLRV 6HFWLRQ  WKHQ GHULYHV WKH PDLQ WKHRUHWLFDO UHVXOWV 7KH LPSOLFDWLRQV RI WKHVH UHVXOWV DUH
FRQVLGHUHG LQ 6HFWLRQ  ,Q 6HFWLRQ  ZH LOOXVWUDWH VRPH RI WKHVH LPSOLFDWLRQV LQ WKH FRQWH[W RI RQH
UHFHQW VWXG\ _ 'DQLHO DQG 7LWPDQ  6HFWLRQ  FRQFOXGHV WKH SDSHU $OO SURRIV FDQ EH IRXQG
￿/LW]HQEHUJHU DQG 5DPDVZDP\  IRU LQVWDQFH HPSOR\ WKLV SURFHGXUH
LQ WKH DSSHQGL[
 $Q ,OOXVWUDWLYH ([DPSOH
%HIRUH ZH GHULYH WKH PDLQ WKHRUHWLFDO UHVXOWV LQ WKLV SDSHU LW LV XVHIXO WR LOOXVWUDWH WKHLU SRWHQWLDO
LPSRUWDQFH LQ WKH FRQWH[W RI D VLPSOH H[DPSOH &RQVLGHU D RQH SHULRG ZRUOG LQ ZKLFK WKH &$30
KROGV H[DFWO\ ,I WKH WRWDO UHWXUQ RI VWRFN L LV 5L WKHQ VLQFH WKH &$30 KROGV H[DFWO\
(>5L@ U  nL(>5P@ b U 
ZKHUH U LV WKH ULVN IUHH UDWH nL LV WKH EHWD RI VWRFN L DQG 5P LV WKH WRWDO UHWXUQ RI WKH PDUNHW
SRUWIROLR
1H[W FRQVWUXFW D FURVVVHFWLRQDO WHVW RI WKLV PRGHO 2I FRXUVH QHLWKHU (>5L@Q R UnL DUH GLUHFWO\
REVHUYDEOH ,QVWHDG RI WKH H[SHFWHG UHWXUQ WKH UHDOL]HG RU PHDVXUHG UHWXUQ A 5LZ K H U H 
A 5L   (>5L@zL 
LV REVHUYHG :H ZLOO DVVXPH WKDW VLQFH zL LV WKH GHYLDWLRQ IURP WKH H[SHFWHG UHWXUQ LW KDV PHDQ
]HUR DQG YDULDQFH ￿ VR WKDW WKH GLVWULEXWLRQ RI zL GRHV QRW GLmHU DFURVV VWRFNV ,QVWHDG RI WKH WUXH
EHWD nLW K HP H D V X U H GE H W D A nLZ K H U H 
A nL   nL  qL 
LV REVHUYHG 6LQFH qL UHoHFWV PHDVXUHPHQW HUURU ZH DVVXPH WKDW LW LV 1RUPDO>t@ DQG LQGHSHQGHQW
RI HYHU\WKLQJ HOVH LQ WKH HFRQRP\￿
$OO WKDW LV OHIW WR VSHFLI\ LV WKH FURVVVHFWLRQDO GLVWULEXWLRQ RI nUPV LQ WKH HFRQRP\ 7KH FURVV
VHFWLRQDO GLVWULEXWLRQ RI D nUP
V H[SHFWHG FDVK oRZ ZLOO WXUQ RXW XQGHU WKH DVVXPSWLRQV QRW WR
DmHFW WKH UHVXOWV VR ZH OHW LW EH DUELWUDU\ :H ZLOO DVVXPH WKDW WKH FURVVVHFWLRQDO GLVWULEXWLRQ
RI nL LV 1RUPDO>}@ VR WKDW WKH PDUNHW SRUWIROLR ZLOO KDYH D EHWD RI RQH )RU QRZ DVVXPH WKDW
WKH FURVVVHFWLRQDO FRYDULDQFH EHWZHHQ EHWD DQG zL LV ]HUR DOWKRXJK LQ WKH QH[W VHFWLRQ ZH ZLOO
GHPRQVWUDWH LQ D PRUH JHQHUDO VHWWLQJ WKDW WKLV PXVW EH WKH FDVH 7R DEVWUDFW DZD\ IURP WKH
SUREOHPV DVVRFLDWHG ZLWK VPDOO VDPSOH VL]HV ZH ZLOO DVVXPH WKDW LQnQLWHO\ PDQ\ VWRFNV H[LVW 7R
HPSKDVL]H WKDW RQO\ D VPDOO DPRXQW RI PHDVXUHPHQW HUURU LV UHTXLUHG WR GHOLYHU WKH UHVXOW ZH WDNH
t￿   }￿ VR WKH FURVVVHFWLRQDO YDULDQFH RI A nL LV D PHUH  ODUJHU WKDQ WKH FURVVVHFWLRQDO
YDULDQFH RI nL
)LUVW FRQVLGHU UXQQLQJ D FURVVVHFWLRQDO UHJUHVVLRQ RI WKH UHDOL]HG ULVN SUHPLXP A 5L bUR QW K H
￿6LQFH WKH YDOXH ZHLJKWHG VXP RI WKH PHDVXUHPHQW HUURU PXVW EH ]HUR WKH LQGHSHQGHQFH DVVXPSWLRQ FDQQRW EH
VDWLVnHG LQ DQ\ nQLWH HFRQRP\ +RZHYHU LW LV WKHRUHWLFDOO\ SRVVLEOH WR PDNH WKLV DVVXPSWLRQ LQ DQ HFRQRP\ ZLWK
LQnQLWHO\ PDQ\ DVVHWV EHFDXVH WKH YDULDQFH RI WKH YDOXH ZHLJKWHG VXP RI WKH PHDVXUHPHQW HUURU FRQYHUJHV WR ]HUR DV
WKH QXPEHU RI DVVHWV JRHV WR LQnQLW\
PHDVXUHG EHWD A nL LQ WKH IXOO VDPSOH 7KH FRHpFLHQW LQ WKLV UHJUHVVLRQ LV
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ZKHUH WKH VHFRQG OLQH IROORZV IURP WKH LQGHSHQGHQFH DVVXPSWLRQ WKH WKLUG IURP  DQG WKH IRXUWK
IURP WKH VL]H RI WKH VDPSOH %HFDXVH WKH DWWHQXDWLRQ ELDV LV UHODWLYHO\ VPDOO WKH FRHpFLHQW LV FORVH
WR WKH WKHRUHWLFDO YDOXH RI (>5P@ b U 6LPLODU ORJLF VKRZV WKDW WKH LQWHUFHSW LV
(>5P@ b U
ZKLFK DJDLQ LV FORVH WR WKH WKHRUHWLFDO YDOXH RI  )LQDOO\ WKH 5￿ FRHpFLHQW LV
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,I ZH DVVXPH WKDW WKH H[SHFWHG UHWXUQ FDQ EH PHDVXUHG ZLWK DW OHDVW WKH GHJUHH RI DFFXUDF\ RI
nW K D WL VL I  tW K H QZ HK D Y HW K D W5￿ w ￿   *LYHQ WKH IDFW WKDW WKH PRGHO KROGV
H[DFWO\ DQG WKDW WKH DPRXQW RI PHDVXUHPHQW HUURU LV PLQLPDO VXFK UHVXOWV DUH QRW VXUSULVLQJ
1H[W ZH UXQ D VLPLODU WHVW H[FHSW WKLV WLPH WKH GDWD DUH nUVW VRUWHG LQWR 1 IUDFWLOHV EDVHG RQ
WKH nUPV
 ERRNWRPDUNHW UDWLRV 7KDW LV HDFK IUDFWLOH FRQWDLQV HTXDOO\ PDQ\ VWRFNV DQG WKH ERRN
WRPDUNHW UDWLRV ZLWKLQ HDFK IUDFWLOH DUH VWULFWO\ ODUJHU VPDOOHU WKDQ WKH ERRNWRPDUNHW UDWLRV RI
WKH QH[W ORZHU KLJKHU IUDFWLOH 7KHQ ZLWKLQ HDFK IUDFWLOH WKH VDPH WHVW LV XQGHUWDNHQ
7R NHHS WKH H[DPSOH VLPSOH ZH ZLOO DVVXPH WKDW WKH WHUPLQDO FDVK oRZ RI HDFK nUP LV SURSRU
WLRQDO WR LWV VFDOH &RQVHTXHQWO\ WKH ERRN YDOXH RI DVVHWV %L LV DVVXPHG WR EH SURSRUWLRQDO WR WKH
W H U P L Q D OG L Y L G H Q GR UH [ S H F W H GF D V Ko R Z (>&L@R IH D F KV W R F N 
(>&L@ .% L 
ZKHUH .! WKH FRQVWDQW RI SURSRUWLRQDOLW\ LV DVVXPHG WR EH WKH VDPH IRU DOO nUPV 7KLV
DVVXPSWLRQ LPSOLHV WKDW WKH ERRNWRPDUNHW UDWLR ZLOO EH FRUUHODWHG ZLWK H[SHFWHG UHWXUQV 6LQFH
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7R FRPSXWH WKH UHVXOWV RI WKHVH UHJUHVVLRQV ZH QHHG WR NQRZ WKH FURVVVHFWLRQDO YDULDQFH RI EHWD
FRQGLWLRQDO RQ EHLQJ LQ D SDUWLFXODU IUDFWLOH )LUVW GHnQH 8M DV WKH ODUJHVW ERRNWRPDUNHW UDWLR LQ
WKH MWK IUDFWLOH 7KHQ LI }M LV GHnQHG WR EH WKH FURVVVHFWLRQDO YDULDQFH RI WKH WUXH EHWD FRQGLWLRQDO
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ZKHUH 8eM 
.8￿M￿bU
(>5P@bU DQG 8 sb  / H Wk  c EH GHnQHG WR EH WKH VWDQGDUG QRUPDO GLVWULEXWLRQ
IXQFWLRQ )URP  LW IROORZV WKDW
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ZKHUH Jc LV GHnQHG LPSOLFLWO\ DERYH LV D IXQFWLRQ RQO\ RI WKH IUDFWLOH M DQG FDQ EH FDOFXODWHG IURP
WKH VWDQGDUG QRUPDO DORQH 8VLQJ  DQG IROORZLQJ WKH VDPH ORJLF DV EHIRUH WKH FURVVVHFWLRQDO
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7 D E O HJ L Y H VW K HY D O X HR IJeM s
J￿M￿
J￿M￿￿￿￿￿￿￿ LQ HDFK IUDFWLOH IRU WKUHH WHVWV WKDW GLmHU RQO\ LQ
WKH QXPEHU RI WRWDO IUDFWLOHV VWRFNV DUH VRUWHG LQWR 7KH IROORZLQJ UHVXOWV DUH DSSDUHQW LQ DOO WKUHH
WHVWV ,I WKH Jec
V LQ WKH WDEOH DUH XVHG WR FRPSXWH WKH UHJUHVVLRQ FRHpFLHQW DQG LQWHUFHSW IURP
 WKHQ L DOO WKH ZLWKLQ JURXS FRHpFLHQWV LQWHUFHSWV DUH ORZHU KLJKHU WKDQ WKH FRHpFLHQW
REWDLQHG LQ WKH IXOO VDPSOH DQG LL LQ PRVW FDVHV WKH FRHpFLHQWV LQWHUFHSWV DUH ZHOO EHORZ DERYH
DQ\ UHDVRQDEOH FXWRm IRU FRQFOXGLQJ WKDW WKH\ SURYLGH VXSSRUW IRU WKH PRGHO ,Q DOO WKUHH WHVWV RQO\
7DEOH  :LWKLQ )UDFWLOH 5HJUHVVLRQ 5HVXOWV 7KLV WDEOH FRQWDLQV WKH ZLWKLQ IUDFWLOH YDOXH IRU
JeM 
J￿M￿
J￿M￿￿￿￿￿￿￿bJeMD Q G5￿ IRU WKUHH GLmHUHQW SDUWLWLRQV RI WKH GDWD LQWR  3DQHO $  3DQHO %
DQG  3DQHO & IUDFWLOHV 7R JHW WKH ZLWKLQ IUDFWLOH UHJUHVVLRQ FRHpFLHQW WKH QXPEHU LQ WKH nUVW URZ RI
HDFK SDQHO VKRXOG EH PXOWLSOLHG E\ (>5P@ b U 0XOWLSO\LQJ WKH QXPEHU LQ WKH VHFRQG URZ RI HDFK SDQHO E\
(>5P@ b U SURYLGHV WKH LQWHUFHSW 7KH WKLUG URZ LV WKH 5￿ FRHpFLHQW ZKHQ    t ZKLFK LV JeM￿ ([FHSW
IRU WKH  IUDFWLOH SDUWLWLRQ WKH WDEOH OLVWV WKHVH YDOXHV IRU D VXEVHW RI WKH IUDFWLOHV 7KH OLVWHG IUDFWLOHV DUH
WKH FROXPQ KHDGLQJV 7KH nQDO FROXPQ LQ WKH WDEOH JLYHV WKH DYHUDJH RI HDFK YDULDEOH RYHU DOO IUDFWLOHV
$ 7HQ )UDFWLOH 3DUWLWLRQ
      $ Y H U D J H
JeM           
 b JeM           
5￿           
% 7ZHQW\ )UDFWLOH 3DUWLWLRQ
          $YHUDJH
JeM           
 b JeM           
5￿           
& +XQGUHG )UDFWLOH 3DUWLWLRQ
          $YHUDJH
JeM           
 b JeM           
5￿           
WZR IUDFWLOHV SURGXFH FRHpFLHQWV WKDW DUH HYHQ UHPRWHO\ FORVH WR WKH WKHRUHWLFDO YDOXH RI RQH ,Q
DOO FDVHV WKHVH WZR IUDFWLOHV DUH WKH H[WUHPHV _ WKH ORZHVW DQG WKH KLJKHVW 6LPLODU LQIHUHQFHV FDQ
EH PDGH DERXW WKH H[SODQDWRU\ SRZHU RI WKH PRGHO &RQVLGHU WKH  IUDFWLOH JURXSLQJ 8QGHU WKH
DVVXPSWLRQ WKDW    t ZKLFK SURYLGHG DQ 5￿ RI  LQ WKH IXOO VDPSOH WKH 5￿ FRHpFLHQW LV JLYHQ
E\ Jec￿ :LWK WKH H[FHSWLRQ RI WKH H[WUHPH JURXSV LQ DOO WKH RWKHU JURXSV WKH 5￿ FRHpFLHQWV
DUH EHORZ  DQG PRVW DUH EHORZ  ,QGHHG WKH ORZHVW 5￿ LV D PHUH  :KHQ WKH QXPEHU RI
JURXSV LV LQFUHDVHG WR  RU PRUH WKH YDVW PDMRULW\ RI 5￿ FRHpFLHQWV HVVHQWLDOO\ VKULQN WR ]HUR $
QDLYH LQWHUSUHWDWLRQ RI WKHVH UHVXOWV ZRXOG EH WKDW LI WKH &$30 KROGV DW DOO LW RQO\ KROGV DPRQJVW
VWRFNV ZLWK H[WUHPH ERRNWRPDUNHW UDWLRV ,Q IDFW WKH &$30 KROGV HTXDOO\ ZHOO IRU DOO VWRFNV E\
DVVXPSWLRQ $OWKRXJK WKLV LV PHUHO\ DQ H[DPSOH LW GRHV LOOXVWUDWH WKH PDLQ SRLQW RI WKH SDSHU
%\ nUVW VRUWLQJ RQ YDULDEOHV VXFK DV ERRNWRPDUNHW LW LV TXLWH SRVVLEOH IRU WKH PRGHO WR DSSHDU WR
K D Y HO L W W O HR UQ RH [ S O D Q D W R U \S R Z H UH Y H QL IL WK R O G VH [ D F W O \ 
,Q WKLV H[DPSOH E\ VRUWLQJ VWRFNV E\ D YDULDEOH OLNH ERRNWRPDUNHW WKDW LV NQRZQ WR EH
FRUUHODWHG ZLWK H[SHFWHG UHWXUQV WKH UHVHDUFKHU HVVHQWLDOO\ GRHV DQ H[SHFWHG UHWXUQ VRUW 7KXV
ZKHQ JURXSV DUH IRUPHG EDVHG RQ WKLV VRUW WKH ZLWKLQ JURXS FURVVVHFWLRQDO YDULDWLRQ LQ H[SHFWHG
UHWXUQ LV ORZHU WKDQ LQ WKH ZKROH VDPSOH 6LQFH WKH PRGHO HUURU PHDVXUHPHQW HUURU LQ EHWD LV
LQGHSHQGHQW LW LV XQDmHFWHG E\ WKH VRUW WKDW LV WKH GLVWULEXWLRQ RI PHDVXUHPHQW HUURU LQ EHWD LV
QR GLmHUHQW ZLWKLQ D JURXS WKDQ LQ WKH ZKROH VDPSOH 7KXV WKH VLJQDO WR QRLVH UDWLR _ WKH UDWLR
R IW K HY D U L D Q F HR IL QH [ S H F W H GU H W X U Q VW RW K HY D U L D Q F HR IW K HP R G H OH U U R U_L VO R Z H UZ L W K L QDJ U R X S 
6LQFH WKH ZLWKLQ JURXS FURVVVHFWLRQDO YDULDWLRQ LQ H[SHFWHG UHWXUQV LV GHFUHDVLQJ LQ WKH QXPEHU RI
JURXSV E\ VRUWLQJ LQWR HQRXJK JURXSV WKH UHODWLYH LPSRUWDQFH RI WKH PRGHO HUURU FDQ EH LQFUHDVHG
WR WKH SRLQW WKDW LW DFFRXQWV IRU DOPRVW DOO WKH YDULDWLRQ LQ WKH PRGHO
V SUHGLFWLRQ RI WKH H[SHFWHG
UHWXUQ
,W LV ZRUWK QRWLQJ WKDW LI LQVWHDG RI WHVWLQJ WKH PRGHO ZLWKLQ WKH JURXSV WKH %ODFN -HQVHQ
DQG 6FKROHV  SURFHGXUH LV IROORZHG DQG HTXDOO\ ZHLJKWHG SRUWIROLRV DUH IRUPHG RXW RI WKH
VWRFNV ZLWKLQ D JURXS WKH UHWXUQV RQ WKHVH SRUWIROLRV ZRXOG SURYLGH DQ H[DFW nW RI WKH &$30 7KLV
IROORZV EHFDXVH XQGHU RXU DVVXPSWLRQ WKDW LQnQLWHO\ PDQ\ VWRFNV H[LVW WKH EHWDV RI WKH HTXDOO\
ZHLJKWHG SRUWIROLRV ZRXOG QRW FRQWDLQ DQ\ PHDVXUHPHQW HUURU DQG VR QR PRGHO HUURU ZRXOG H[LVW ,Q
WKH FRQWH[W RI WKLV H[DPSOH E\ XQGHUWDNLQJ RQH VLPSOH YDULDWLRQ RI WKH %ODFN -HQVHQ DQG 6FKROHV
 VRUWLQJ SURFHGXUH WKH HPSLULFLVW JUHDWO\ ELDVHV WKH WHVW LQ IDYRU RI UHMHFWLQJ WKH PRGHO XQGHU
FRQVLGHUDWLRQ
$OWKRXJK RQH PLJKW MXVWLnDEO\ DUJXH WKDW WKLV H[DPSOH LV H[WUHPH LW GRHV LOOXVWUDWH FRQFLVHO\
WKH PDLQ LQWXLWLRQ RI WKH SDSHU 2XU REMHFW LQ WKH QH[W VHFWLRQ LV WR HVWDEOLVK FRQGLWLRQV XQGHU
ZKLFK WKHVH UHVXOWV ZLOO JHQHUDOO\ EH WUXH
 7KHRU\
:H WDNH DV D SULPLWLYH DQ HFRQRP\ LQ ZKLFK WKH REVHUYHG RU PHDVXUHG UHWXUQ DW WLPH W RI HYHU\
nUP L LV A 5LWZ K H U H
A 5LW￿￿   (W>5LW￿￿@zLW￿￿ 
zLW￿￿ LV DVVXPHG WR KDYH PHDQ ]HUR :H ZLOO DJDLQ DVVXPH WKDW LQnQLWHO\ PDQ\ VWRFNV H[LVW *LYHQ
W K HL Q I R U P D W L R QV H WD WW L P H WO H W)Wc EH WKH FURVVVHFWLRQDO GLVWULEXWLRQ RI (W>5LW￿￿@ /HW WKH
PHDQ DQG YDULDQFH RI WKLV GLVWULEXWLRQ EH GHQRWHG xW DQG }￿
W 7KH FURVVVHFWLRQDO YDULDQFH RI zLW￿￿
LV GHQRWHG ￿
W1 R W HW K D WV L Q F HzLW￿￿ LV DQ H[SHFWDWLRQDO HUURU LW LV XQFRUUHODWHG WR DQ\WKLQJ LQ WKH
LQIRUPDWLRQ VHW DW WLPH W6 L Q F H(W>5LW￿￿@ LV LQ WKLV LQIRUPDWLRQ VHW WKH FURVVVHFWLRQDO FRUUHODWLRQ
EHWZHHQ zLW￿￿ DQG (W>5LW￿￿@L V] H U R 
:H IXUWKHU DVVXPH WKDW DQ HPSLULFLVW FKRRVHV WR XQGHUWDNH D WHVW RI DQ DVVHW SULFLQJ PRGHO LQ
WKLV HFRQRP\ 'HQRWH DV x 5LW￿￿ D VW K HS U H G L F W L R QR IW K HP R G H OR I(W>5LW￿￿@ JLYHQ WKH LQIRUPDWLRQ
V H WD WW L P HW 2I FRXUVH OLNH DQ\ HFRQRPLF PRGHO LW LV QRW H[DFW _ x 5LW￿￿    (W>5LW￿￿@_W K H
H[SHFWHG UHWXUQ FDOFXODWHG XVLQJ WKH PRGHO GRHV QRW H[DFWO\ HTXDO WKH DFWXDO H[SHFWHG UHWXUQ 7KH
UHDVRQ IRU WKLV GLmHUHQFH LV QRW UHOHYDQW _ LW FRXOG UHVXOW IURP PRGHO PLVVSHFLnFDWLRQ SDUDPHWHU
REVHUYDELOLW\ LVVXHV HJ DQ HUURULQYDULDEOHV SUREOHP RU PLFURVWUXFWXUH HmHFWV 7KH GLmHUHQFH
VLPSO\ UHoHFWV WKH IDFW WKDW QR HFRQRPLF PRGHO LV FDSDEOH RI PDNLQJ SUHGLFWLRQV WKDW DUH SHUIHFWO\
DFFXUDWH (YHQ WKH SUHGLFWLRQV RI WKH WUXH DVVHW SULFLQJ PRGHO DUH DmHFWHG E\ HUURUV LQ PHDVXULQJ
WKH PRGHO
V SDUDPHWHUV 7KHUHIRUH OHW
x 5LW￿￿   (W>5LW￿￿@qLW￿￿ 
ZKHUH qLW￿￿ LV GLVWULEXWHG LQGHSHQGHQWO\ RI HYHU\WKLQJ HOVH LQ WKH HFRQRP\ DQG (W>qLW￿￿@   /HW
WKH FURVVVHFWLRQDO YDULDQFH RI qLW￿￿ JLYHQ WKH LQIRUPDWLRQ VHW DW WLPH W EH GHQRWHG t￿
W8 Q G H U
WKHVH DVVXPSWLRQV DQG JLYHQ WKH LQIRUPDWLRQ VHW DW WLPH W WKH FURVVVHFWLRQDO GLVWULEXWLRQ RI qLW￿￿
LV LQGHSHQGHQW RI WKH FURVVVHFWLRQDO GLVWULEXWLRQ RI (W>5LW￿￿@D VZ H O OD VzLW￿￿7 K X V W K HQ D W X U HR I
WKH PRGHO HUURU LV VXFK WKDW LW LV XQSUHGLFWDEOH JLYHQ DQ\ FRQGLWLRQLQJ LQIRUPDWLRQ _ WKH SULFLQJ
PRGHO LV JRRG HQRXJK VR WKDW LW GRHV QRW V\VWHPDWLFDOO\ PLVSULFH VWRFNV
7KH DGYDQWDJH RI IRFXVLQJ RQ WKH SUHGLFWLRQ RI WKH DVVHW SULFLQJ PRGHO x 5LW￿￿ UDWKHU WKDQ WKH
PRGHO LWVHOI LV WKDW WKLV DOORZV D JUHDWHU GHJUHH RI JHQHUDOLW\ EHFDXVH ZH GR QRW KDYH WR UHVWULFW WKH
IXQFWLRQDO IRUP RI WKH PRGHO LWVHOI %\ GHnQLWLRQ DQ\ DVVHW SULFLQJ PRGHO PXVW FRQWDLQ D SUHGLFWLRQ
IRU WKH H[SHFWHG UHWXUQ 7KHUHIRUH WKH UHVXOWV LQ WKLV SDSHU FDQ LQ SULQFLSOH EH DSSOLHG WR D WHVW
RI DQ\ RI WKH VWDQGDUG OLQHDU PRGHOV DV ZHOO DV RWKHU SRVVLEO\ QRQOLQHDU DVVHW SULFLQJ PRGHOV QRW
\HW GHULYHG
2QH SURFHGXUH IRU WHVWLQJ WKH DVVHW SULFLQJ PRGHO LV WR FURVVVHFWLRQDOO\ UHJUHVV A 5LW￿￿ WKH
REVHUYHG UHWXUQ RQWR x 5LW￿￿ WKH SUHGLFWLRQ RI WKH PRGHO DW HDFK SRLQW LQ WLPH￿ *LYHQ WKH
￿$OPRVW DQ\ FURVVVHFWLRQDO WHVW RI DQ DVVHW SULFLQJ PRGHO FDQ EH nW LQWR WKLV IUDPHZRUN )RU LQVWDQFH WKLV
SURFHGXUH LV HTXLYDOHQW WR D FURVVVHFWLRQDO WHVW RI D VLQJOH IDFWRU PRGHO EHFDXVH WKH IDFWRU ULVN SUHPLXP LV FRPPRQ
LQIRUPDWLRQ VHW DW WLPH W WKH FRHpFLHQW RI WKLV UHJUHVVLRQ LV
FRY
r




















ZKHUH WKH VHFRQG OLQH IROORZV IURP WKH LQGHSHQGHQFH RI qLW￿￿ DQG WKH IDFW WKDW zLW￿￿ DQG (W>5LW￿￿@
DUH FURVVVHFWLRQDOO\ XQFRUUHODWHG :KHQ WKH PRGHO KROGV H[DFWO\ tW   WKH FRHpFLHQW LV RQH
:KHQ WKH PRGHO GRHV QRW KROG H[DFWO\ WKH FRHpFLHQW LV DOZD\V OHVV WKDQ RQH DQG WKLV DWWHQXDWLRQ LV
DQ LQFUHDVLQJ IXQFWLRQ RI WKH GLmHUHQFH EHWZHHQ WKH PRGHO
V SUHGLFWLRQ RI DQG WKH DFWXDO H[SHFWHG
UHWXUQ )RU H[SRVLWLRQDO VLPSOLFLW\ ZH ZLOO KHQFHIRUWK GURS WKH H[SOLFLW GHSHQGHQFH RQ WLPH H[FHSW
LQ FDVHV ZKHUH WKLV ZRXOG OHDG WR DPELJXLW\
$Q LPSRUWDQW IHDWXUH RI WKH H[DPSOH LQ WKH SUHYLRXV VHFWLRQ LV WKDW WKH VRUW LV XQGHUWDNHQ
XVLQJ D YDULDEOH QDPHO\ WKH ERRNWRPDUNHW UDWLR WKDW LV NQRZQ DS U L R U L  WR SURGXFH JURXSV ZLWK
GLmHUHQW DYHUDJH UHWXUQV 7KLV LV WKH NH\ DVVXPSWLRQ UHTXLUHG WR GHOLYHU WKH UHVXOW 7KXV LQVWHDG RI
UXQQLQJ WKH DERYH FURVVVHFWLRQDO UHJUHVVLRQ LQ WKH ZKROH VDPSOH DW HDFK SRLQW LQ WLPH nUVW JURXS
WKH VWRFNV LQWR Q QRQHPSW\ IUDFWLOHV GHQRWHG MQ  Q IRU ZKLFK LW LV NQRZQ D SULRULW K D W
WKH H[SHFWHG UHWXUQ LQ HDFK IUDFWLOH GLmHUV￿ 1RWH WKDW H[DFW SURFHGXUH IROORZHG WR FRQVWUXFW WKH
IUDFWLOHV LV LPPDWHULDO )RU H[DPSOH WKH JURXSV FDQ EH SURGXFHG E\ VRUWLQJ E\ DQ\ YDULDEOH WKDW LV
NQRZQ WR EH FRUUHODWHG WKRXJK QRW QHFHVVDULO\ SHUIHFWO\ ZLWK UHWXUQV
/HW WKH FRQGLWLRQDO FURVVVHFWLRQDO GLVWULEXWLRQ RI H[SHFWHG UHWXUQ LQ IUDFWLOH MQE HG H Q R W H G
)M￿Q￿(>5L@ s )(>5L@ML  MQ ZLWK 4M￿Q￿ s
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L￿M￿Q￿ G) 7KHQ GHnQH (M￿Q￿ DV WKH H[SHFWHG















7KH ZHLJKWHG DYHUDJH FURVVVHFWLRQDO YDULDWLRQ RI WKH ZLWKLQ IUDFWLOH H[SHFWHG UHWXUQ LV VWULFWO\
VPDOOHU WKDQ WKH IXOO VDPSOH YDULDWLRQ )XUWKHUPRUH DV WKH QXPEHU RI IUDFWLOHV JRHV WR LQnQLW\ WKH
WR DOO VWRFNV 7KXV UHJUHVVLQJ RQ WKH IDFWRU EHWD LV HTXLYDOHQW WR UHJUHVVLRQ RQ WKH EHWD WLPHV WKH ULVN SUHPLXP ,I
WKH PRGHO EHLQJ WHVWHG LV D PXOWLIDFWRU PRGHO ZLWK IDFWRU ULVN SUHPLD wNW K H Q x 5LW   U 
3.
N ￿ ENLwN
￿7KXV MQL VW K HM
WK JURXS LQ D SDUWLWLRQ FRQVLVWLQJ RI Q JURXSV 7KH UHDVRQ IRU H[SOLFLWO\ ZULWLQJ WKH JURXS
QXPEHU DV D IXQFWLRQ RI WKH QXPEHU RI JURXSV ZLOO EHFRPH FOHDU VKRUWO\
DYHUDJH ZLWKLQ IUDFWLOH YDULDWLRQ JRHV WR ]HUR 7KH IROORZLQJ OHPPD SURYHV WKLV
/HPPD  *LYHQ DQ\ t!









1RZ FRQVLGHU ZKDW PLJKW KDSSHQ LI WKH HPSLULFLVW SURFHHGV WR UXQ WKH FURVVVHFWLRQDO UHJUHVVLRQ












$Q LPSOLFDWLRQ RI WKH DERYH OHPPD LV WKDW D JURXSLQJ RI VWRFNV DOZD\V H[LVWV LQ ZKLFK HYHU\ ZLWKLQ
IUDFWLOH FRHpFLHQW LH  LV OHVV WKDQ WKH IXOO VDPSOH FRHpFLHQW LH  )XUWKHUPRUH E\
SLFNLQJ D ODUJH HQRXJK QXPEHU RI IUDFWLOHV WKH HPSLULFLVW FDQ PDNH HYHU\ ZLWKLQ IUDFWLOH FRHpFLHQW
DV FORVH WR ]HUR DV KH ZDQWV
%HIRUH ZH SURYH WKHVH IDFWV ZH QHHG VRPH PRUH GHnQLWLRQV /HW D JURXSLQJ EH DQ\ SDUWLWLRQ RI
WKH GDWDVHW LQWR Q! IUDFWLOHV IRU ZKLFK WKH DYHUDJH H[SHFWHG UHWXUQ RI HDFK IUDFWLOH LV GLVWLQFW $
VHULHV RI JURXSLQJV LV WKHQ DQ\ RUGHUHG VHW RI JURXSLQJV LQ ZKLFK WKH QXPEHU RI IUDFWLOHV Q LQ HDFK
JURXSLQJ LQFUHDVHV PRQRWRQLFDOO\ DQG HDFK IUDFWLOH LQ WKH QWK JURXSLQJ LV D VXEVHW RI D IUDFWLOH LQ
WKH Q b WK JURXSLQJ
3URSRVLWLRQ  &RQVLGHU WKH VHW RI DOO SRVVLEOH JURXSLQJV ZLWK Q IUDFWLOHV 7KHQ IRU DQ\ t!












s￿   MQ  Q
7KH SURRI RI WKLV SURSRVLWLRQ VKRZV WKDW VR ORQJ DV WKH ZLWKLQ IUDFWLOH YDULDWLRQ GRHV QRW GLmHU
E\ WRR PXFK EHWZHHQ IUDFWLOHV WKH UHJUHVVLRQ FRHpFLHQW ZLWKLQ HYHU\ IUDFWLOH ZLOO EH ORZHU WKDQ
WKH FRHpFLHQW IRU WKH ZKROH VDPSOH ,W LV ZRUWK HPSKDVL]LQJ WKH LPSOLFDWLRQV RI WKLV UHVXOW 7KH
UHVXOW UHTXLUHV WKH H[LVWHQFH RI VRPH YDULDWLRQ LQ H[SHFWHG UHWXUQV EHWZHHQ IUDFWLOHV 6DWLVI\LQJ
WKLV FRQGLWLRQ UHTXLUHV OLWWOH PRUH WKDQ LGHQWLI\LQJ D YDULDEOH NQRZQ WR EH FRUUHODWHG WR H[SHFWHG
UHWXUQV DQG XVLQJ WKLV YDULDEOH WR IRUP WKH IUDFWLOHV 7KH PDJQLWXGH RI WKLV FRUUHODWLRQ QHHG QRW
EH YHU\ ODUJH LQ SDUWLFXODU LW QHHG QRW EH RQH 7KH LPSOLFDWLRQ LV WKDW HYHQ IRU D YDULDEOH WKDW LV
RQO\ ZHDNO\ UHODWHG WR H[SHFWHG UHWXUQV WKH HPSLULFDO SURFHGXUH ZLOO VXEMHFW WR WKH ELDV LGHQWLnHG
LQ WKH SURSRVLWLRQ LI VXFK D YDULDEOH LV XVHG WR IRUP WKH IUDFWLOHV











s￿ s    MQ  Q
7KH SURRI RI WKH SURSRVLWLRQ VKRZV WKDW E\ SLFNLQJ HQRXJK IUDFWLOHV ZLWK VLPLODU HQRXJK ZLWKLQ
IUDFWLOH YDULDWLRQ WKH FRHpFLHQWV LQ DOO IUDFWLOHV FDQ EH PDGH DUELWUDULO\ FORVH WR ]HUR 7KH 5￿





































































&RQVHTXHQWO\ WKH IROORZLQJ FRUROODU\ IROORZV LPPHGLDWHO\ IURP 3URSRVLWLRQ 





￿ WKHUH H[LVWV D QRQHPSW\ VXEVHW RI WKLV VHW DQG DQ 1 VXFK WKDW IRU DOO Q!1HYHU\
ZLWKLQ IUDFWLOH 5￿ FRHpFLHQW ZLOO EH VWULFWO\ OHVV WKDQ s
,Q ZRUGV UHJDUGOHVV RI KRZ ZHOO WKH PRGHO nWV WKH IXOO VDPSOH WKH HPSLULFLVW FDQ PDNH WKH ZLWKLQ
IUDFWLOH nW DUELWUDULO\ EDG E\ VLPSO\ SLFNLQJ D ODUJH HQRXJK QXPEHU RI IUDFWLOHV DQG PDNLQJ VXUH WKH
ZLWKLQ IUDFWLOH YDULDQFH GRHV QRW GLmHU E\ WRR PXFK EHWZHHQ IUDFWLOHV 7KH ERWWRP OLQH LV WKDW LI
WKH HPSLULFLVW SURFHHGV QDLYHO\ E\ MXGJLQJ WKH H[SODQDWRU\ SRZHU RI WKH PRGHO ZLWKLQ DQ\ IUDFWLOH
XVLQJ WKH VDPH FULWHULD DV KH GRHV WR MXGJH WKH H[SODQDWRU\ SRZHU LQ WKH IXOO VDPSOH WKHQ VLPSO\
E\ MXGLFLRXVO\ SLFNLQJ HQRXJK IUDFWLOHV KH FDQ UHGXFH WKH PRGHO
V H[SODQDWRU\ SRZHU WR ]HUR
 ,PSOLFDWLRQV
7KH UHVXOWV GHULYHG LQ WKH SUHYLRXV VHFWLRQ UHO\ RQ WKH IDFW WKDW WKH DYHUDJH ZLWKLQ IUDFWLOH YDULDQFH
R IH [ S H F W H GU H W X U Q VL VD O Z D \ VO H V VW K D QW K HI X O OV D P S O HY D U L D Q F H ( T X D W L R Q   L QW K HS U R R IR IW K H
OHPPD IRUPDOL]HV WKLV QRWLRQ ,W DOVR VKRZV WKDW UHJDUGOHVV RI WKH QXPEHU RI IUDFWLOHV WKH ZHLJKWHG
D Y H U D J HY D U L D Q F HR ID O OW K HI U D F W L O H VL VD O Z D \ VO R Z H UW K D QW K HI X O OV D P S O HY D U L D Q F H 7 K HD P R X Q WR I







RU ZKDW LV JHQHUDOO\ NQRZ DW
WKH EHWZHHQ IUDFWLOH YDULDWLRQ 7KLV YDULDWLRQ LV D PHDVXUH RI KRZ PXFK ?ZRUVH WKH DVVHW SULFLQJ
PRGHO ZLOO GR ZLWKLQ WKH IUDFWLOHV 7KH LPSOLFDWLRQ LV WKH JUHDWHU WKH FURVVVHFWLRQDO GLmHUHQFHV LQ
H[SHFWHG UHWXUQV DFURVV IUDFWLOHV DUH WKH ZRUVH WKH ZLWKLQ IUDFWLOH SHUIRUPDQFH RI WKH DVVHW SULFLQJ
PRGHO ZLOO EH $V ZDV SRLQWHG RXW LQ WKH LQWURGXFWLRQ RQH FDQ WKLQN RI WKLV SRLQW DV WKH FRQYHUVH
RI D SRLQW PDGH RULJLQDOO\ LQ %ODFN -HQVHQ DQG 6FKROHV  7KHUH WKH DXWKRUV DUJXHG WKDW
WR SURYLGH D SRZHUIXO WHVW RI WKH &$30 LW LV HVVHQWLDO WKDW WKH VWRFNV DUH JURXSHG LQWR SRUWIROLRV
WKDW KDYH ODUJH FURVVVHFWLRQDO GLmHUHQFHV LQ H[SHFWHG UHWXUQV VHH +XDQJ DQG /LW]HQEHUJHU 
&K  IRU DQ H[FHOOHQW GLVFXVVLRQ RI WKLV SRLQW %\  ODUJH FURVVVHFWLRQDO GLmHUHQFHV LQ
SRUWIROLR H[SHFWHG UHWXUQV LPSOLHV WKDW WKH FURVVVHFWLRQDO YDULDWLRQ LQ WKH H[SHFWHG UHWXUQ RI WKH
VWRFNV WKDW PDNH XS WKH SRUWIROLRV PXVW EH VPDOO 7KXV LI \RX GHFLGHG WR WHVW WKH &$30 ZLWKLQ
WKH VWRFNV WKDW PDNH XS WKH SRUWIROLRV UDWKHU WKDQ RQ WKH SRUWIROLRV WKHPVHOYHV \RX VKRXOG GR
WKH RSSRVLWH RI ZKDW %ODFN -HQVHQ DQG 6FKROHV  UHFRPPHQG 7R LQFUHDVH WKH SRZHU RI WKLV
WHVW WKH FURVVVHFWLRQDO YDULDWLRQ ZLWKLQ HDFK SRUWIROLR JURXS PXVW EH PD[LPL]HG ZKLFK LPSOLHV
WKH FURVVVHFWLRQDO GLmHUHQFHV LQ WKH SRUWIROLR H[SHFWHG UHWXUQV PXVW EH PLQLPL]HG
/HPPD  VKRZV WKDW VR ORQJ DV WKHUH LV DQ\ EHWZHHQ JURXS YDULDQFH LQ H[SHFWHG UHWXUQV WKH
DYHUDJH ZLWKLQ JURXS YDULDQFH ZLOO EH ORZHU ZLWKLQ WKH JURXSV &RQVHTXHQWO\ WKH PRVW HmHFWLYH
ZD\ WR PD[LPL]H WKH ZLWKLQ JURXS YDULDQFH LV WR KDYH RQO\ RQH JURXS LQ RWKHU ZRUGV GR QRW VRUW
DW DOO DQG XVH WKH IXOO VDPSOH 7KHUH PLJKW KRZHYHU EH YDOLG UHDVRQV IRU QRW XVLQJ WKH ZKROH
VDPSOH 2QH IUHTXHQW MXVWLnFDWLRQ IRU WKLV NLQG RI VRUWLQJ LV WR GHWHUPLQH ZKHWKHU DQ DVVHW SULFLQJ
PRGHO FDQ H[SODLQ D NQRZQ FKDUDFWHULVWLF RI WKH GDWD IRU LQVWDQFH D SRVLWLYH FRUUHODWLRQ EHWZHHQ
D SDUWLFXODU YDULDEOH DQG UHWXUQ $Q LPSOLFDWLRQ RI WKH UHVXOWV LV WKDW WKH FULWHULD IRU WKH VRUWV LV
L P S R U W D Q WL QV H W W L Q JX SW K L VN L Q GR IH P S L U L F D OW H V W 
6XSSRVH D UHVHDUFKHU ZDQWHG WR WHVW ZKHWKHU D SDUWLFXODU DVVHW SULFLQJ PRGHO VD\ WKH 626
PRGHO FDQ H[SODLQ DQ HPSLULFDOO\ REVHUYHG FURVVVHFWLRQDO UHODWLRQ EHWZHHQ D YDULDEOH GHQRWHG o
DQG DYHUDJH UHWXUQ 6KH WKHUHIRUH WDNHV DV KHU 1XOO K\SRWKHVLV WKH K\SRWKHVLV WKDW WKH 626 DVVHW
SULFLQJ PRGHO LV FRUUHFWO\ VSHFLnHG DQG KROGV $ QHFHVVDU\ FRQGLWLRQ IRU WKLV K\SRWKHVLV WR KROG
LV WKDW WKH 626 PRGHO H[SODLQ WKH FURVVVHFWLRQDO UHODWLRQ EHWZHHQ o DQG DYHUDJH UHWXUQ 7KH
$OWHUQDWLYH K\SRWKHVLV LV WKDW WKH 626 PRGHO GRHV QRW KROG 7KH NH\ SRLQW WR QRWH LV WKDW o LV
UHODWHG WR DYHUDJH UHWXUQV XQGHU ERWK K\SRWKHVHV &RQVHTXHQWO\ LI VWRFNV DUH nUVW VRUWHG E\ o
WKH DELOLW\ RI WKH 626 PRGHO WR GLVFULPLQDWH ZLWKLQ WKH JURXSV ZLOO EH GLPLQLVKHG XQGHU ERWK
K\SRWKHVHV ,I WKH LPSOLFDWLRQV RI WKH SURSRVLWLRQV DUH LJQRUHG WKHQ WKLV FRXOG OHDG WR D IDOVH
UHMHFWLRQ RI WKH 1XOO ,I KRZHYHU VWRFNV DUH nUVW VRUWHG E\ WKH H[SHFWHG UHWXUQ SUHGLFWHG E\ WKH
626 PRGHO WKH ZLWKLQ JURXS UHODWLRQ EHWZHHQ o DQG DYHUDJH UHWXUQV ZLOO RQO\ EH GLPLQLVKHG XQGHU
WKH 1XOO 7KLV IROORZV EHFDXVH XQGHU WKH $OWHUQDWLYH WKH PRGHO FDQQRW GLmHUHQWLDWH VWRFNV ZLWK
GLmHUHQW H[SHFWHG UHWXUQV DQG VR WKHUH LV QR UHDVRQ WR H[SHFW EHWZHHQ JURXS YDULDWLRQ LQ H[SHFWHG
U H W X U Q V 7 K X VW K HF R U U H F WZ D \W RL P S O H P H Q WDW H V WR IW K L V1 X O OL VW Rn U V WV R U WE \W K HS U H G L F W L R QR I
WKH 626 PRGHO DQG WKHQ VHH ZKHWKHU ZLWKLQ WKH JURXSV o LV VWLOO UHODWHG WR H[SHFWHG UHWXUQ
7KHUH DUH DW OHDVW WZR RWKHU UHDVRQV ZK\ UHVHDUFKHUV JURXS GDWD )LUVW JURXSLQJ GDWD FDQ VLJ
QLnFDQWO\ UHGXFH WKH FRPSXWDWLRQDO EXUGHQ DVVRFLDWHG ZLWK WKH VL]H RI nQDQFLDO GDWD VHWV +RZHYHU
LQ UHFHQW \HDUV DGYDQFHV LQ FRPSXWDWLRQDO VSHHG KDYH VLJQLnFDQWO\ UHOD[HG WKLV FRQVWUDLQW VR PRUH
UHFHQWO\ DXWKRUV KDYH DUJXHG IRU WHFKQLTXHV WKDW GR QRW UHTXLUH JURXSLQJ VHH IRU H[DPSOH .LP

7KH RWKHU UHDVRQ IRU JURXSLQJ WKH GDWD FRQFHUQV WKH QXPEHU RI GHJUHHV RI IUHHGRP LQ FURVV
VHFWLRQDO VWXGLHV WKDW UHTXLUH HVWLPDWLQJ WKH YDULDQFHFRYDULDQFH PDWUL[ RI UHWXUQV *LYHQ D W\SLFDO
VDPSOH RI  VWRFNV WKLV PDWUL[ KDV RYHU  PLOOLRQ HOHPHQWV :LWK RQO\  \HDUV RI GDWD WKHUH
LV DQ REYLRXV VSHFLnFDWLRQ SUREOHP 6LQFH WKLV SUREOHP LV XQOLNHO\ WR EH VROYHG LQ WKH IRUHVHHDEOH
IXWXUH LW DSSHDUV WKDW JURXSLQJ WKH GDWD ZLOO DOZD\V EH DQ LQWHJUDO SDUW RI WKHVH VWXGLHV ,W LV
WKHUHIRUH ZRUWK FRQVLGHULQJ ZKDW LPSOLFDWLRQV WKH UHVXOWV LQ WKLV SDSHU KDV IRU WKRVH VWXGLHV
2XU UHVXOWV UHO\ RQ WKH DVVXPSWLRQ WKDW WKHUH H[LVWV EHWZHHQ JURXS YDULDWLRQ LQ H[SHFWHG UHWXUQV
6XFK YDULDWLRQ FDQ DULVH EHFDXVH WKH UHVHDUFKHU FKRVH WR FRQVWUXFW WKH JURXSV LQ D VDPSOH LQ ZKLFK
RWKHU VWXGLHV DOUHDG\ GHWHFWHG WKLV YDULDWLRQ ,W FDQ DOVR DULVH EHFDXVH XQGHU RQH RU PRUH RI WKH
K\SRWKHVLV EHLQJ WHVWHG WKH EHWZHHQ JURXS YDULDWLRQ LV WKHRUHWLFDOO\ SUHGLFWHG ,Q WKLV FDVH XQOHVV
WKH UHVHDUFKHU H[SOLFLWO\ DFFRXQWV IRU WKH HmHFW RI WKLV YDULDWLRQ WKH SRZHU RI WKH WHVW DJDLQVW WKLV
K\SRWKHVLV ZLOO EH UHGXFHG
,Q WKH QH[W VHFWLRQ ZH EULHo\ LOOXVWUDWH WKH LPSOLFDWLRQV RI RXU UHVXOWV LQ FRQWH[W RI RQH RI WKH
VWXGLHV WKDW XVH WKH VRUWLQJ SURFHGXUH VWXGLHG LQ WKLV SDSHU
 $Q $SSOLFDWLRQ 'DQLHO DQG 7LWPDQ
,Q D UHFHQW DUWLFOH 'DQLHO DQG 7LWPDQ  DUJXH EDVHG RQ WKHLU UHVXOWV WKDW D ?FKDUDFWHULVWLF
EDVHG PRGHO GRHV D EHWWHU MRE H[SODLQLQJ WKH FURVVVHFWLRQ RI DVVHW UHWXUQ WKDQ WKH )DPD)UHQFK
IDFWRUV GR ,Q WKLV VHFWLRQ ZH ZLOO LOOXVWUDWH WKH LPSOLFDWLRQV RI RXU SURSRVLWLRQV RQ WKLV FRQFOXVLRQ
7KH SDUW RI 'DQLHO DQG 7LWPDQ  WKDW ZH ZLOO FRQFHQWUDWH RQ DUH WKH UHVXOWV FRQWDLQHG LQ
7DEOH ,,, LQ WKDW SDSHU UHSURGXFHG KHUH DV 7DEOH  7R JHQHUDWH WKDW WDEOH 'DQLHO DQG 7LWPDQ
nUVW VRUW VWRFNV LQWR QLQH GLmHUHQW JURXSV EDVHG RQ WKH PDUNHW YDOXH DQG ERRNWRPDUNHW UDWLR
KHUHDIWHU %06= JURXSV￿ 7KH DXWKRUV NQHZ D SULRUL WKDW VXFK D VRUW ZRXOG SURGXFH JURXSV LQ
ZKLFK WKH H[SHFWHG UHWXUQ RI HDFK JURXS ZRXOG GLmHU EHFDXVH WKH\ XVHG D VDPSOH LQ ZKLFK LW ZDV
ZHOO NQRZ IURP SDVW HPSLULFDO VWXGLHV LQ SDUWLFXODU WKH VWXG\ WKDW PRWLYDWHG WKH UHVHDUFK LQ WKLV
DUHD _ )DPD DQG )UHQFK  WKDW WKHVH YDULDEOHV DUH KLJKO\ FRUUHODWHG ZLWK UHDOL]HG UHWXUQV
7KH DXWKRUV QH[W SURFHHG WR WHVW ZKHWKHU D IDFWRU PRGHO FDQ GLVWLQJXLVK VWRFNV ZLWKLQ HDFK
%06= JURXS 7KH IDFWRUV WKH\ XVH DUH WKH WKUHH IDFWRUV SUHYLRXVO\ LGHQWLnHG HPSLULFDOO\ E\ )DPD
DQG )UHQFK  7KH\ WDNH HDFK VWRFN
V ORDGLQJ RQ RQH RI WKHVH IDFWRUV +0/ LH WKH EHWD RI
￿7KH\ VRUW VWRFNV E\ PDUNHW YDOXH ERRNWRPDUNHW DQG HVWDEOLVK  DQG  EUHDN SRLQWV %DVHG RQ WKHVH
EUHDN SRLQWV WKH DXWKRUV GHnQH QLQH SRVVLEOH JURXSV DQG VRUW VWRFNV LQWR WKHVH QLQH JURXSV EDVHG RQ WKHLU PDUNHW
YDOXH DQG ERRNWRPDUNHW UDWLRV
HDFK VWRFN RQ WKH +0/ IDFWRU DQG ZLWKLQ HDFK %06= JURXS WKH\ VRUW VWRFNV LQWR nYH SRUWIROLRV
EDVHG RQ WKLV ORDGLQJ 7KH\ WKHQ FDOFXODWH WKH UHWXUQ RQ WKHVH SRUWIROLRV DQG EDVHG RQ WKH IDFW
WKDW ZLWKLQ HDFK %06= JURXS WKHUH LV DOPRVW QR V\VWHPDWLF GLmHUHQFH EHWZHHQ WKH UHWXUQV RI
WKHVH SRUWIROLRV WKH\ FRQFOXGH WKDW RQFH nUP ?FKDUDFWHULVWLFV DUH FRQWUROOHG IRU WKHUH LV RQO\ D
ZHDN UHODWLRQ DW EHVW EHWZHHQ IDFWRU ORDGLQJV DQG UHWXUQV
7DEOH  'DQLHO DQG 7LWPDQ _ 7DEOH ,,, 7KLV WDEOH SUHVHQWV WKH PHDQ H[FHVV UHWXUQV RI WKH 
SRUWIROLRV IRUPHG RQ WKH EDVLV RI PDUNHW YDOXH 6= ERRNWRPDUNHW %0 DQG WKH HVWLPDWHG IDFWRU ORDGLQJV
RQ WKH +0/ SRUWIROLR LH WKH EHWDV RQ WKH +0/ IDFWRU IRU WKH SHULRG IURP -XO\  WKURXJK 'HFHPEHU
RI  (DFK RI WKH nYH IDFWRU ORDGLQJ SRUWIROLR FROXPQV SURYLGHV WKH PRQWKO\ H[FHVV UHWXUQV RI SRUWIROLRV
RI VWRFNV WKDW DUH UDQNHG LQ D SDUWLFXODU TXLQWLOH ZLWK UHVSHFW WR WKH +0/ IDFWRU ORDGLQJ ZLWK FROXPQ 
EHLQJ WKH ORZHVW DQG FROXPQ  EHLQJ WKH KLJKHVW 7KH nUP VL]H DQG ERRNWRPDUNHW UDQNLQJV RI WKH VWRFNV
LQ HDFK RI WKH SRUWIROLRV DUH VSHFLnHG LQ WKH  URZV )RU H[DPSOH WKH WRS OHIW HQWU\ LQ WKH WDEOH  LV
WKH PHDQ H[FHVV UHWXUQ RI D YDOXHZHLJKWHG SRUWIROLR RI WKH VWRFNV WKDW KDYH WKH ODUJHVW PDUNHW YDOXH WKH
ORZHVW ERRNWRPDUNHW DQG WKH ORZHVW H[SHFWHG ORDGLQJ RQ WKH +0/ IDFWRU 7KH ODVW WZR FROXPQV RI WKLV
WDEOH GR QRW DSSHDU LQ WKH FRUUHVSRQGLQJ WDEOH LQ 'DQLHO DQG 7LWPDQ 7KH VHFRQG WR ODVW FROXPQ LV MXVW
WKH DYHUDJH RI WKH UHWXUQV UHSRUWHG LQ WKH WDEOH RI WKH nYH IDFWRU ORDGLQJ SRUWIROLRV 7KH ODVW FROXPQ LV WKH
GLmHUHQFH EHWZHHQ WKH VXP RI WKH UHSRUWHG UHWXUQV IRU SRUWIROLRV  DQG  DQG WKH VXP RI WKH UHSRUWHG UHWXUQV
IRU SRUWIROLRV  DQG 
&KDU 3RUW )DFWRU /RDGLQJ 3RUWIROLR $YHUDJH 3RUWIROLR
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$YHUDJH     
7KHVH UHVXOWV DUH UHSURGXFHG KHUH LQ 7DEOH  ZKLFK LV 7DEOH ,,, LQ 'DQLHO DQG 7LWPDQ 
S  ZLWK WZR DGGLWLRQV (DFK URZ LQ WKH WDEOH VKRZV WKH UHWXUQ RI WKH nYH SRUWIROLRV VRUWHG
RQ +0/ IDFWRU ORDGLQJ IRU HDFK %06= JURXS :H KDYH DGGHG WZR FROXPQV WKH DYHUDJH UHWXUQ
DFURVV WKH IDFWRU ORDGLQJ SRUWIROLRV VHFRQG WR ODVW FROXPQ DQG WKH GLmHUHQFH EHWZHHQ SRUWIROLRV 
SOXV  DQG  SOXV  ODVW FROXPQ 7KH nUVW DGGLWLRQ JLYHV VRPH LGHD RI ZKDW WKH DYHUDJH UHWXUQ LQ
HDFK %06= JURXS ZDV DQG WKH VHFRQG VSHDNV WR WKH DELOLW\ RI WKH IDFWRUV WR GLmHUHQWLDWH UHWXUQV
:H KDYH DOVR FKDQJHG WKH RUGHU RI WKH URZV VR WKDW WKH URZV DUH QRZ RUGHUHG LQFUHDVLQJ LQ UHDOL]HG
UHWXUQ
7KHUH LV RQH WKLQJ LQ SDUWLFXODU WKDW LV ZRUWK QRWLQJ DERXW WKH WDEOH 7KH GLmHUHQFH EH
WZHHQ WKH DYHUDJH UHDOL]HG UHWXUQ RI WKH ORZHVW DQG KLJKHVW %06= JURXS LV UHPDUNDEO\ ODUJH
PRQWK 2Q DQ DQQXDO EDVLV WKLV GLmHUHQFH ZRUNV RXW WR EH DERXW  7R WKH H[WHQW
WKDW WKH ODUJH UHDOL]HG GLmHUHQFHV LQ DYHUDJH UHWXUQV UHoHFW ODUJH GLmHUHQFHV LQ H[SHFWHG UHWXUQV
WKLV VRUWLQJ SURFHGXUH UHGXFHV WKH FURVVVHFWLRQDO YDULDWLRQ LQ H[SHFWHG UHWXUQV ZLWKLQ HDFK JURXS
)XUWKHUPRUH HYHQ LI WKHVH IDFWRUV FRPSOHWHO\ H[SODLQ DVVHW UHWXUQV VLQFH WKH IDFWRU ORDGLQJV DUH
QRW REVHUYHG GLUHFWO\ WKH\ DUH PHDVXUHG ZLWK HUURU 7KLV HUURU DORQH LV HQRXJK WR HQVXUH WKDW WKH
FRQGLWLRQ WKDW WKH PRGHO HUURU LV QRQ ]HUR LH t! LV VDWLVnHG 7KHUH LV KRZHYHU D SRWHQWLDOO\
PRUH LPSRUWDQW VRXUFH RI PRGHO HUURU 6LQFH VWRFNV DUH UDQNHG RQ RQO\ RQH RI WKUHH IDFWRUV WKH
FRQWULEXWLRQ RI WKH RWKHU WZR IDFWRUV LV ?PLVVLQJ 7KXV WKH ?PLVVLQJ IDFWRUV DUH DGGLWLRQDO VRXUFHV
RI PRGHO HUURU _ D KLJK EHWD RQ WKH IDFWRU PLJKW QRW EH DVVRFLDWHG ZLWK D KLJK UHWXUQ EHFDXVH WKH
RWKHU EHWDV RQ WKH IDFWRUV QRW UDQNHG DUH ORZ 8QGHU WKHLU 1XOO DOO WKUHH IDFWRUV DUH K\SRWKHVL]HG
WR H[SODLQ UHWXUQV VR E\ OHDYLQJ RXW WZR IDFWRUV WKH DXWKRUV DUH LPSOLFLWO\ DVVXULQJ WKDW t LV ODUJH
XQGHU WKH 1XOO 7KH UHGXFHG ZLWKLQ JURXS FURVVVHFWLRQDO YDULDWLRQ LQ H[SHFWHG UHWXUQV FRXSOHG
ZLWK WKH PRGHO HUURU H[SODLQV ZK\ WKHVH DXWKRUV IDLO WR nQG D GLVFHUQLEOH UHODWLRQ EHWZHHQ WKH IDFWRU
ORDGLQJ DQG UHWXUQV LQ WKH GDWD VHW LQ ZKLFK WKHVH IDFWRUV ZHUH LGHQWLnHG
,W LV LPSRUWDQW WR XQGHUVWDQG WKDW QRW DOO RI WKH LPSOLFDWLRQV RI WKH 'DQLHO DQG 7LWPDQ VWXG\
UHO\ RQ WKH UHVXOWV RI WKH DERYH VRUWV )RU LQVWDQFH WKH\ XQGHUWDNH D VHULHV RI %ODFN -HQVHQ DQG
6FKROHV  W\SH WHVWV RI WKH 1XOO K\SRWKHVLV WKDW WKH )DPD)UHQFK IDFWRUV H[SODLQ UHWXUQV 6LQFH
QRQH RI WKHVH WHVWV DUH UXQ ZLWKLQ WKH %06= JURXSV WKH\ DUH QRW VXEMHFW WR WKH ELDV GLVFXVVHG
LQ WKLV SDSHU 8QGHU WKHLU 1XOO K\SRWKHVLV WKH UHJUHVVLRQ LQWHUFHSW VKRXOG EH ]HUR \HW WKH\ nQG
WKDW WKUHH RI WKH QLQH LQWHUFHSWV KDYH WVWDWLVWLFV DERYH  $OWKRXJK WKH\ GR QRW FRQGXFW D MRLQW
WHVW DW nUVW JODQFH DQ\ZD\ LW LV KDUG WR GLVDJUHH ZLWK WKHLU FRQFOXVLRQ WKDW WKH LQWHUFHSW LV QRQ
]HUR 7DNLQJ WKLV UHVXOW DW IDFH YDOXH WKHLU LQIHUHQFH WKDW WKH 1XOO K\SRWKHVLV WKDW WKH )DPD^)UHQFK
IDFWRUV FRUUHFWO\ SULFH DVVHWV FDQ EH UHMHFWHG LV MXVWLnHG +RZHYHU WKH\ DOVR FODLP LQ WKH SDSHU WKDW
WKHLU ?FKDUDFWHULVWLFV EDVHG PRGHO GRHV EHWWHU WKDQ WKH )DPD^)UHQFK IDFWRUV 7KH ?HYLGHQFH LQ
WKH SDSHU WKDW VXSSRUWV WKLV FODLP DUH WKH UHVXOWV RI WKH VRUW DQDO\]HG DERYH :LWKRXW WKLV HYLGHQFH
LW LV KDUG WR MXVWLI\ WKLV FODLP
 &RQFOXVLRQ
7KH UHVXOWV LQ WKLV SDSHU LPSO\ WKDW WKH FRQFOXVLRQV RI HPSLULFDO VWXGLHV WKDW nUVW VRUW WKH GDWD
LQWR JURXSV EDVHG RQ D YDULDEOH NQRZQ D SULRUL WR EH FRUUHODWHG ZLWK UHWXUQV DQG WKHQ UXQ WHVWV
ZLWKLQ WKH JURXSV VKRXOG EH TXHVWLRQHG ,W LV VKRZQ WKDW VXFK D SURFHGXUH ELDVHV WKH WHVW LQ IDYRU
RI UHMHFWLQJ WKH DVVHW SULFLQJ PRGHO XQGHU FRQVLGHUDWLRQ :H GHPRQVWUDWH WKDW VLPSO\ E\ VRUWLQJ
LQWR HQRXJK JURXSV LW LV SRVVLEOH IRU D UHVHDUFKHU WR UHGXFH WKH H[SODQDWRU\ SRZHU RI HYHQ DQ
HFRQRPLFDOO\ FRUUHFW DVVHW SULFLQJ PRGHO WR ]HUR
7KH TXHVWLRQ RI KRZ WKH VRUWLQJ WHFKQLTXHV DmHFW WKH VWDWLVWLFDO LQIHUHQFHV RI WKH VWXGLHV WKDW
HPSOR\ WKHP LV LPSRUWDQW EHFDXVH JLYHQ WKH UHDOLWLHV RI WKH GDWD LW LV OLNHO\ WKDW nQDQFLDO UH
VHDUFKHUV ZLOO FRQWLQXH WR XVLQJ VRUWLQJ WHFKQLTXHV IRU VRPH WLPH WR FRPH $OWKRXJK WKLV SDSHU
SURYLGHV DQ LQ GHSWK VWXG\ RI WKH HmHFW RI RQH SDUWLFXODU WHFKQLTXH WKHUH DUH RWKHU WHFKQLTXHV
WKDW FRXOG SRWHQWLDOO\ EH DQDO\]HG XVLQJ WKH VDPH PHWKRGRORJ\ 6SHFLnFDOO\ WKH UHVXOW LQ WKLV
SDSHU UHOLHV RQ WKH IDFW WKDW WKH WRWDO VXP RI WKH VTXDUHG YDULDWLRQ RI D VDPSOH LV n[HG :KDW
DQ\ VRUW GRHV LV GHWHUPLQH KRZ WKLV YDULDWLRQ LV DSSRUWLRQHG EHWZHHQ WKH ZLWKLQ VDPSOH DQG WKH
EHWZHHQ VDPSOH YDULDWLRQ 7KLV DSSRUWLRQLQJ RI WKH YDULDWLRQ GLUHFWO\ DmHFWV WKH SRZHU DQG VL]H RI
WKH VWDWLVWLFDO WHVW WKHUHE\ DmHFWLQJ WKH VWDWLVWLFDO LQIHUHQFHV 7KLV EDVLF LGHD FDQ LQ SULQFLSDO EH
DSSOLHG WR RWKHU VRUWLQJ WHFKQLTXHV )RU H[DPSOH /R DQG 0DF.LQOD\  KDYH DUJXHG DJDLQVW
XVLQJ YDULDEOHV LGHQWLnHG ZLWKLQ WKH VDPSOH DV FULWHULD IRU IRUPLQJ SRUWIROLRV 9LHZHG IURP WKH
SHUVSHFWLYH RI WKLV SDSHU ZKDW /R DQG 0DF.LQOD\  DUJXH LV WKDW E\ XVLQJ WKHVH YDULDEOHV
WR IRUP WKH SRUWIROLR WKH EHWZHHQ VDPSOH YDULDQFH LV LQFUHDVHG RU WR SXW WKLV DQRWKHU ZD\ WKH
WHFKQLTXH LQFUHDVHV WKH YDULDWLRQ LQ UHDOL]HG UHWXUQV DFURVV SRUWIROLRV %HFDXVH WKH VRUWLQJ YDULDEOHV
DUH LGHQWLnHG ZLWKLQ WKH VDPSOH SDUW RI WKLV YDULDWLRQ PLJKW EH VSXULRXV 7KXV WKH LQDELOLW\ RI DQ
DVVHW SULFLQJ PRGHO WR H[SODLQ WKH EHWZHHQ VDPSOH YDULDWLRQ PLJKW UHVXOW IURP WKLV GDWD PLQLQJ
ELDV UDWKHU WKDQ UHoHFW D IXQGDPHQWDO SUREOHP ZLWK WKH PRGHO
7KH XVH RI VRUWHG GDWD LQ HPSLULFDO VWXGLHV KDV EHFRPH VR ZLGHVSUHDG WKDW WKLV SURFHGXUH LOOLFLWV
IHZ HFRQRPHWULF TXHULHV DQG VR OLWWOH LI QR HFRQRPHWULF MXVWLnFDWLRQ IRU WKH WHFKQLTXH LV RmHUHG
7KLV VWXG\ HPSKDVL]HV DW OHDVW LQ WKH FRQWH[W RI RQH VRUWLQJ SURFHGXUH ZK\ VXFK MXVWLnFDWLRQ
PLJKW EH LPSRUWDQW
$SSHQGL[
$ 3URRI RI /HPPD 












































































































ZKLFK FRPSOHWHV WKH SURRI RI WKH nUVW SDUW RI WKH OHPPD
)RU WKH VHFRQG SDUW WDNH DQRWKHU SDUWLWLRQ ZLWK P IUDFWLOHV ZKHUH P!QDQG HYHU\ IUDFWLOH LQ
WKH QHZ SDUWLWLRQ LV D VXEVHW RI D IUDFWLOH LQ WKH ROG SDUWLWLRQ IRU HYHU\ MP WKHUH H[LVWV D MQ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
7KHVH WZR IDFWV DQG  LPSO\ WKDW IRU DOO MQ
OLP
Q￿￿}￿
M￿Q￿    
ZKLFK GHOLYHUV WKH UHVXOW
% 3URRI RI 3URSRVLWLRQ 
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I}M￿Q￿J  j 
$W OHDVW RQH VXFK JURXSLQJ H[LVWV EHFDXVH WKH JURXSLQJ LQ ZKLFK }M￿Q￿   . IRU DOO M WULYLDOO\






ZKLFK SURYHV WKH SURSRVLWLRQ
& 3URRI RI 3URSRVLWLRQ 
&RQVLGHU WKH VHW RI DOO SRVVLEOH VHULHV RI JURXSLQJV 7DNH WKH VXEVHW RI VHULHV IRU ZKLFK IRU HDFK
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ZKLFK FRPSOHWHV WKH SURRI
5HIHUHQFHV
%ODFN )LVFKHU 0LFKDHO & -HQVHQ DQG 0\URQ 6FKROHV  7KH FDSLWDO DVVHW SULFLQJ PRGHO VRPH
HPSLULFDO WHVWV LQ 0LFKDHO & -HQVHQ HG 6WXGLHV LQ WKH 7KHRU\ RI &DSLWDO 0DUNHWV 3UDHJHU
3 X E O L V K H U V 1 H Z< R U N 8 6 $  
'DQLHO .HQW DQG 6KHULGDQ 7LWPDQ  (YLGHQFH RQ WKH FKDUDFWHULVWLFV RI FURVV VHFWLRQDO YDULDWLRQ
LQ VWRFN UHWXUQV -RXUQDO RI )LQDQFH  
)DPD (XJHQH ) DQG .HQQHWK 5 )UHQFK  7KH FURVVVHFWLRQ RI H[SHFWHG VWRFN UHWXUQV
-RXUQDO RI )LQDQFH  
)DPD (XJHQH ) DQG .HQQHWK 5 )UHQFK  &RPPRQ ULVN IDFWRUV LQ WKH UHWXUQV RQ VWRFNV DQG
ERQGV -RXUQDO RI )LQDQFLDO (FRQRPLFV  
+XDQJ &KLIX DQG 5REHUW + /LW]HQEHUJHU  )RXQGDWLRQV IRU )LQDQFLDO (FRQRPLFV 1RUWK
+ROODQG 1HZ <RUN 1<
.LP 'RQJFKHRO  7KH HUURUV LQ WKH YDULDEOHV SUREOHP LQ WKH FURVVVHFWLRQ RI H[SHFWHG VWRFN
UHWXUQV -RXUQDO RI )LQDQFH  
/LDQJ %LQJ  3RUWIROLR IRUPDWLRQ PHDVXUHPHQW HUURUV DQG EHWD VKLIWV D UDQGRP VDPSOLQJ
DSSURDFK :RUNLQJ SDSHU &DVH :HVWHUQ 5HVHUYH 8QLYHUVLW\
/LW]HQEHUJHU 5REHUW + DQG .ULVKQD 5DPDVZDP\  7KH HmHFW RI SHUVRQDO WD[HV DQG GLYLGHQGV
RQ FDSLWDO DVVHW SULFHV WKHRU\ DQG HPSLULFDO HYLGHQFH -RXUQDO RI )LQDQFLDO (FRQRPLFV 

/LW]HQEHUJHU 5REHUW + DQG .ULVKQD 5DPDVZDP\  'LYLGHQGV VKRUW VHOOLQJ UHVWULFWLRQV WD[
LQGXFHG LQYHVWRU FOLHQWHOHV DQG PDUNHW HTXLOLEULXP -RXUQDO RI )LQDQFH  
/R $QGUHZ : DQG $ &UDLJ 0DF.LQOD\  'DWDVQRRSLQJ ELDVHV LQ WHVWV RI nQDQFLDO DVVHW
SULFLQJ PRGHOV 5HYLHZ RI )LQDQFLDO 6WXGLHV  
